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1. TITLE OF THE INVENTION 

HIGH -INTENSITY DISCHARGE LAMP, 
SYSTEM FOR LIGHTING THE LAMP AND 
5 LIGHTING APPLIANCE USING THE LAMP 

2. FIELD OF THE INVENTION 

The present invention relates to a high-intensity discharge lamp, 
10 which is provided with a light-transmissive ceramic discharge enclosure, 
a hiffh-intensity discharge lamp lighting system employing the 
high-intensity discharge lamp, and a lighting appliance usine the lamp. 

3. BACKGROUND OF THE INVENTION 

15 

Recently, the inventors of the present invention have devised a 
compact metal halide lamp whose lamp power is about 10 to 30 W for a 
light source suited for optical fibers or a substitutive light source for a 
halogen lamp and a compact high-intensity discharge lamp, i.e., a 

20 screw-base-mount type high-intensity discharge lamp in which the metal 
halide lamp, a compact lighting circuit for lighting the metal halide 
lamp and a screw base are integrally aaeembled together. The 
e crew -baae mount type high-intensity discharge lamp has a lamp 
efficiency which is about three to four time a higher than that of the 

25 halogen lamp, and which is remarkably smaller in size than that of xhe 
screw-base-mount type fluorescent lamp, so as to be treated as a 
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point-source of light. 

However, since the lamp belongs to a High-intensity discharge lamp, 
it requires ft stabilizer comprising therein an igniter for generating a 
relatively high voltage pulee at a starting operation, i.e., a lighting 
5 circuit. Alternatively it requires a stand-alone igniter and a lighting 
circuit not including such an igniter. Accordingly, even if a compact 
high-intensity discharge lamp would be deviaed for all troubles, an 
overall system comprised of a light source, a stabilizer or a lighting 
circuit and a lighting unit results to have a large size. On the other 

10 hand, a compact fluorescent lamp and a screw-baeemount type 
fluorescent lamp in which such a fluorescent lamp is integrated with its 
lighting circuit have been used as a light source alternative to an 
incandescent lamp. Since such a a crew -base -mount type fluorescent 
lamp also belongs to a discharge lamp, it requires a lighting circuit. 

15 However the lighting circuit of the screw-base-Jtnount type fluorescent 
lamp is overwhelmingly small in comparison with that of the 
high intenaity discharge lamp. 

As a result of the studies to solve the above problem, the inventor 
had achieved success of employing a lighting circuit principally 

20 constituted by a compact high-frequency inverter which is used for the 
acrew-base-mount type fluorescent lamp as the lighting circuit of the 
compact high "intensity discharge lamp. Since the lighting circuit 
mentioned above is generally simple in its circuit arraneement, and 
works at a high frequency, it is compact, light in weight and less 

25 expensive. Accordingly, it is realize a high-intensity discharge lamp 
lighting system which is compact, light weight, and less expensive. 
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However, if it is possible to lower the starting voltage for the 
high" intensity discharge lamp it will realize a lighting circuit which is 
much more compact, light weight and less expensive. 

Generally, the starting voltage for the discharge lamp follows a 
5 function of the distance between electrodes and the pressure of the 
discharge agent, that is, the Faschen's law in a case that the conditions 
of the electrode and the discharge agent are fixed. 

Accordingly, to lower the starting voltage it is common that the 
pressure of the discharge agent is lowered down, and the distance 

10 between the electrodes is shortened. According to the above measures, 
the starting voltage ia certainly lowered. However, it causes several 
drawbacks such as increases of spattering or evaporation of tungsten 
constituting the electrodes which causes a blackening of the 
light-transmissive ceramic discharge enclosure, and thus results of 

15 lowering the luminous flux retention and/or the lighting efficiency. 

There ia another measure to provide a supplemental conductor 
nearby the electrodes for lowering the starting voltage. As such a 
conventional techniaue. it is known that both ends of a supplemental 
conductor is wound about two or three turns on each of the 

20 small* diameter cylinders at a portion nearby the boundary of the 
cylinder and the enclosure respectively. And then the mid-portion of 
the conductor ia elongated along the enclosure. Here, the supplemental 
conductor is isolated from the electrodes and thus electrically 
disconnected therefrom. 

25 As another conventional technique, it is known that respective one 

ends of a pair of supplemental conductors are wound about two or three 
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turns on the mid* portions of a pair of elongated sealing portions of a 
ligbt'transmissive silica discharge enclosure. The mid portiona of the 
supplemental conductors are elongated along the enclosure in leaving 
appropriate distance from the enclosure. While respective other ends of 
the supplemental conductors are coupled to the outer lead wires of the 
opposite side sealed portions. 

However, in the conventional techniques employing; such a 
supplemental conductor it is found that the supplemental conductor 
does not always work effectively. 

4. SUMMARY OF THE INVENTION 



The present invention has an object to provide a high-intensity 
discharge lamp which operates at a low starting voltage, a 

15 high-intensity discharge lamp lighting device employing the 
high-intensity discharge lamp, and a lighting appliance. 

A high-intensity discharge lamp according to the first aspect of the 
invention comprises a lighting-source bulb provided with a 
light'transmiseive ceramic discharge enclosure containing an enclosure 

20 defining a discharge space and a pair of small-diameter cylinders 
communicating with the enclosure at both ends thereof and having an 
inside diameter smaller than the enclosure, a pair of slender electrodes 
extending through the small-diameter cylinders of the 
light-tranamissive ceramic discharge enclosure in leaving narrow gaps 

25 between the inside surfaces of the small-diameter cylinders and the 
electrodes and a discharge agent filled in the light-transmissive ceramic 
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discharge enclosure; a metallic coil which, is wound on at least one of the 
small-diameter cylinders through which one of the electrodes extends, 
and which is coupled to the other end of the electrode to have the same 
potential with the electrode, a jacket-bulb which hermetically 
5 accommodates therein the lighting-source bulb and the metallic coil and 
a pair of outer lead terminals which are coupled to the pair of electrodes 
and hermetically led outside the jacket bulb. 

In the following descriptions, there will be made definitions and 
their technical meanings for presenting following specific terms, unless 
10 otherwise specified. 

Herein-below the hieh-intensity discharge lamp will be described for 
each of its components. 

< Lighting-Source Bulb> 
The lighting" source bulb is provided with at least a 
15 light-transmisaive ceramic discharge enclosure, a pair of electrodes and 
discharge agent. 

<Discharge Lamp Light -Trans missive Ceramic Enclosure> 
The term * li ght- trans mis aive rt means a transmieeivity allowing light 
generated by a discharge to be led outside. Accordingly the term may 
20 include not only a transparency but also a light- diffusiveness. When 
the light-transmissive ceramic discharge enclosure is provided with a 
small- diameter cylinder, it is essential only that the enclosure has a 
transmibsivity to radiation to be utilized. While the email diameter 
cylinder or the portion that may not utilize the radiation by the 
25 discharge can be light-tight. 

Accordingly, the term "light-tranemissive ceramic discharge 



enclosure" means a discharge enclosure comprised of at least an 
enclosure which is made of monocrystalline metal oxide, e.g., sapphire, 
polycrystalline metal oxide, e.g., semi-transparent hermetic aluminum 
oxide (alumina-ceramicg), yttrium- aluminum garnet (YAG), yttrium 
5 oxide (YOX) and polycrystalline nonoxidic material, e.g., material 
having a light-tranamiaaivity and a heat-resistancy like aluminum 
mitride (AIN). 

Further, in making the light-transmissive ceramic discharge 
enclosure, one or a pair of small-diameter cylinders may be integrated 

10 with the enclosure by coupling the cylinder(s) to opposite two ends of 
the enclosure at the first step. However, for instance, it is also able to 
make the integrated light-transmissive ceramic discharge enclosure by 
provisionally sintering a hallow spherical portion presenting the 
enclosure and a pair of small- diameter cylinders presenting the 

15 small-diameter cylinder© after appropriately assembling them 
step-by-step, and then finally sintering whole of them. Further, it is 
also able to form an integrated discharge enclosure by, e.g., 
provisionally sintering a large- diameter cylinder presenting an 
enclosure, a pair of end plates to be fit to both ends of the cylinder for 

20 closing the ends and a pair of small-diameter cylinders to be fit into 
central holes defined in the end plates after appropriately fitting them 
step-by-etep, and the finally sintering whole of them. 

Furthermore, in the present invention, the interior volume of the 
light "tr an ©missive ceramic discharge enclosure ie particularly effective 

25 at a small volume, less than 0.05 ee, or preferably less than 0.04 cc in 
order to achieve a compact high-intensity discharge lamp. However it 
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is not necessarily limited to the specific volume. In this case, the 
length, of the light -tranamisaive ceramic discharge enclosure is less than 
35 mm. or preferably bexween 10 to 30 mm. 

<Eelectrodes> 

5 The pair of electrodes are made of the materials such as tungsten or 

doped tungsten, and sealed in the lighftranemissive ceramic discharge 
enclosure. Here, the electrodes elongate in the small-diameter 
cylinder* of the light- tran&rniseive ceramic discharge enclosure, and the 
inside end of it may be located in the enclosure. However the inside 

10 end of the electrode may be located at a position facing the enclosure so 
as to cause the discharge in the enclosure. 

Furthermore, in a state that the slender electrode is inserted into 
the small-diameter cylinder, there is left a narrow gap or so called a 
capillary between the electrode and the inside surface of the 

15 small-diameter cylinder. In euch a case, it is desirable that the 
mid-portion of the electrode has a uniform thickness so as to leave a 
uniform space between the electrode and the inside surface of the 
small-diameter cylinder of the light-transmissive ceramic discharge 
enclosure, 

20 Further, the inside end of the electrode could be wound thereon a 

coil made of tungsten as needed, so as to enlarge its surface area to 
enhance heat dissipation. 

Furthermore, the outside end of the electrode is fixed to a place 
appropriate for the light*transmissive ceramic discharge enclosure bo as 
25 to work for receiving power from outside. 

Further, the outside end of the electrode is fixed to the inside end of 
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the feed-conductor by welding or the liite, so thAt the electrode is 
electrically and mechanically supported by the feed-conductor. In this 
case, it is allowable that the feed-conductor is added with, refractory 
portion made of material such as molybdenum or cermet, at a place 
5 interposed between the feed-conductor and the outside end of the 
electrode at fixing of them to the electrode. 

^Discharge Agent> 
The discharge agent contains rare gas as starting gas and buffer gas. 
The discharge agent is filled in the light-transmisaive ceramic discharge 
10 enclosure so as to present one atmospheric pressure or more during the 
operation of the lamp. 

Further, the discharge agent contains light emitting material or its 
compound such as metal halide or amalgam. 

Furthermore, the discharge agent is able to contain mercury as 
15 buffer vapor. 

On the other hand, the rare gas is not essentially limited to specific 
gas. However, in the case that it is desirable to lower a glow current or 
a discharge starting voltage at a transfer from a normal glow discharge 
to an abnormal glow discharge, neon and argon may be foiled in the 
20 enclosure in combination with the rare gas. In this case, the argon is 
mixed with the neon at a ratio of 0.1 to 15 %, or preferably leas than 
10 %. Further, the neon and the argon are used at ambient pressure of 
generally 80 to 500 torr, or preferably 100 to 200 torr. Here, if the 
ambient pressure is less than SO torr, the glow-arc transition time 
25 becomes longer, and the blackening due to the spattering or the 
evaporation of the tungsten constituting the electrode becomes increase. 
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On xhe other hand, if the gae pressure cxcccda 500 torr, the starting 
voltage for starting lighting of the high -intensity discharge lamp rises, 
and thus the glow power also increasea. 

Furthermore, in addition to the neon or the argon, other kinds of 
5 rare gas can be filled in the enclosure as needed. 

In the case that the high-intensity discharge lamp is a sort of metal 
halide lamps, when light-yielding metal halide is used for the discharge 
agent, it is able to use one or a plurality of them from a group of iodine, 
bromine, chlorine and fluorine as halogen for constituting the metal 
10 halide. 

The light-yielding metal halide is able to be selected from a group of 
known metal halides, in order to achieve radiation provided with a 
desired lighting characteristics about a light color, an average color 
rendering evaluation index Ha and a lighting efficiency, and further in 
15 response to the size and lamp power of the discharge lamp 
lighting-transmissive ceramic enclosure. For instance, one or a 
plurality of halides selected among a group of Na-halide, Li-halide, 
Sc-halide or rare-earth xnetal-halides could be used. 

Further, as buffer vapor it is able to contain not only an appropriate 
20 amount of mercury but also metal halide such as aluminum halide with 
a relatively high vapor pressure and less contributive or 
non-contributive to lighting operation. 

<Other Components of Lighting-Source Bulb^ 
(1) Feed-conductor 

25 A feed-conductor as described below is suitable in structure for 

supporting electrodes, feeding power to the electrode and sealing the 
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light'transmissive ceramic discharge enclosure. 

That is, the feed-conductor serves to support the electrode, apply a 
voltage across the electrodes, supply a discharge current to the 
electrodes and seal the light-transmisaive ceramic discharge enclosure. 
5 The inside end of the feed-conductor is coupled to the outside ends of the 
electrodes directly or via a refractory portion aa described below. While 
the outside end of the feed-conductor resides outside the 
light -trans missive discharge enclosure. Here, the phrase "resides 
outside the light-transmissive discharge enclosure" means that it could 

10 protrude outside the light-transmissive discharge enclosure, or it could 
not always protrude outside but face to outside at a degree capable of 
feeding power from outside via a junction conductor. 

Further, the feed-conductor is able to be used for supporting the 
entire of the high -intensity discharge lamp by supporting the electrode. 

15 Furthermore, the feed-conductor could be made of the scalable 

metal such as niobium, tantalum, titanium, zirconium, hafnium and 
vanadium. In case of using alumina-ceramics as the material of the 
lighftransmissive ceramic discharge enclosure, since the niobium and 
the tantalum have almost same average thermal expansion coefficient as 

20 that of the aluminum oxide, they are suitahle for the feed-conductors. 
In case of using the yttrium oxide and the YAG, there is no significant 
difference in their thermal expansion coefficients. In case of using the 
aluminum nitride, it is recommendable to use the zirconium for the 
feed- conductors. 

25 Further, the feed-conductor is able to be shaped like a rod, a pipe or 

a coil made of the metal as mentioned above. In this case, since the 
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niobium is a sort of oxidizable metal, it is needed to couple an additional 
oxidation-resistive external lead-wire to the feed-conductor, and coat, 
e.e;., sealing material over the feed-conductor so as that the 
feed-conductor does not expose in air. 
5 Further, it is able to add a refractory portion, which is made of 

refractory metal, over the outside end of the feed-conductor ad 
mentioned above. The refractory portion is able to be made of 
molybdenum, tungsten or cermet. However, if needed, the fixed end of 
the electrode may be coupled directly to the inside end of the sealable 

10 portion of the feed-conductor. It means that if at least the free end of 
the refractory portion to he added to the feed-conductor is made of 
tungsten, the refractory portion is able to be used as the electrode. On 
the contrary, the fixed end of the electrode is able to be used as the 
refractory portion. Both configurations are substantially the same with 

15 each other. 

(2) Lamp power 

If the lamp power of the high-intensity discharge lamp is leas than 
50 W, it is easy to make the lighting circuit compact. However it is not 
necessarily limited to the specific value. 
20 Here, the term "lamp power" means power which is consumed in the 

high-intensity discharge lamp under the condition that the 
high-intensity discharge lamp ia operated by the lighting circuit and 
keeps arable lighting. 

<=Metallic Coil> 

25 The metallic coil is wound on at least one of the small-diameter 

cylinders of the light'transmissive ceramic discharge enclosure through 
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which a pair of electrodes extend, and one end of the coil is coupled to 
the other electrode to have the same potential aa the other electrode. 
That is, the metallic coil(s) is/are able to be arranged for one or both of 
the electrodes. And a high voltage is applied across the metallic coil 
o and the electrode which faces to the coil at a starting of operation. 
Accordingly, the phrase "one end of the metallic coil is coupled to the 
other electrode to have the same potential ae the other electrode" means 
that one end of the metallic coil is coupled to the feed-conductor or the 
junction conductor coupled to the feed-conductor when the electrode to 
10 which the metallic coil faces via a small-diameter cylinder represents 
the one electrode. 

Further, it is preferable that the metallic coil is wound on the 
small- diameter cylinder as tight as possible. 

Furthermore, it is able to use heat-resistant conductive metal auch 
15 as molybdenum or niobium as the metallic coil. Accordingly, when such 
a junction conductor is used for feeding power to the lighting-source 
bulb, the junction conductor can be made of the same metal as that of 
the metallic coil. However it may be made of different kind of metal. 

< J acket"Bulb> 

20 The jacket-bulb is a device for hermetically accommodating therein 

the lighting-source bulb. 

In the high-intensity discharge lamp according to the present 
invention, the light~transmissive ceramic discharge enclosure is 

hermetically accommodated in the jacket-bulb for insulating heat or 
25 blocking outside air. In order to realize the heat insulation and the 
air-blocking, the jacket-bulb is evacuated, or filled with inert gas such 
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as rare gas or nitrogen. 

Further it is assumed that the jacket bulb is made of material 
having proper transparency, hermeticity. heat-resistant and 
machinability. For instance, it is practical to use hard glass, semi-hard 
glass or silica glass. If needed, it is able to use light-tranBmissive 
ceramics or crystalline glass. 

Further, the jacket-bulb could be formed in either a single 
closed-end structure or a double cloaed-end structure, as needed. If the 
jacket-bulb is made in the single closed-end structure, it ia effective for 
the case of the lighting system employing a reflector whose optical axis 
is conformed to the optical axis of the high-intensity discharge lamp. 

Further, the known sealing techniques such as pinch-sealing, flare 
sealing, bead sealing, or button stem sealing are adopted for sealing the 
jacket-bulb. 

<Outer Lead Terminal> 
A pair of outer lead terminals are coupled to the pair of electrodes of 
the lighting-source bulb which are accommodated in the jacket-bulb. 
Further, they are led outside the jacket-bulb so as to work as means for 
receiving electric energy from the outside lighting circuit and for 
supporting the high-intensity discharge lamp. Further, in case of using 
the junction conductor for feeding power to the lighting-source bulb, the 
outer lead terminals are able to be integrated with the junction 
conductors. However, they are individually formed and then coupled 
together by fixing means such as welding via sealable metal in the 
sealed portion of the jacket-bulb. Further, the pair of outer lead 
terminals can be brought together at one end of the sealed portion of the 
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jacket-bulb and be extended outaide the jacket-bulb. Accordingly, it 
becomes easy to couple the lighting circuit to the hieh frequency output 
terminal. However, the pair of outer lead terminals are separately lead 
out from both ends of the jacket-bulb desirably, 
5 Further, the outer lead terminals may protrude outside the 

jacket-bulb, or may be placed on the jacket bulb. In a structure that 
the outer lead terminal protrudes outside the jacket-bulb, the protrusion 
may constitute a connection pin as it ie or it may work as a connection 
wire to the screw-base. On the other hand, in the configuration that 

10 the outer lead terminals are placed on the jacket-bulb, when the 
positions on which the outer lead terminals are placed on the 
jacket-bulb are Belected to the portion of the pinch- sealing, it will 
become a nonscrewbaac structure. Furthermore, the pair of outer 
lead terminals could be provided with a structure and material 

15 preferahle for connecting to the high frequency output terminal of the 
lighting circuit. So, although at least sealable metal can be used at a 
portion where the outer lead terminal passes through the sealed portion 
of the jacket-bulb, a contact piece made of brass, copper or the like 
which has low contact resistance and sufficient mechanical strength can 

20 be used at a portion to be coupled to the lighting circuit. 

<Other Components^ 

1. Junction conductor 

The junction conductor interposing between the pair of electrodes 
and the outer lead terminals in the jacket-bulb is able to be used in 
25 order to apply the starting voltage and supply the discharge current to 
the lighting- source bulb. 
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Further, the junction conductor could be made of metal having 
heatresistancy and conductivity such as molybdenum or niobium, 
2. Support of lighting-source bulb 

The lighting-eource bulb is supported to a prescribed position in the 
5 jacket-bulb by any one of following manners, 

(1) The lightingaource bulb is supported by only the junction 

conductor. 

(2) A support frame which is bumped against the inside surface of 
the jacket-bulb is provided with the junction conductor supporting the 

10 lighting-source bulb. 

(3) The lighting-source bulb is bumped against the inside surface of 
the jacket-bulb by curving the junction conductor. 

(4) The junction conductor coupled to the lighting-source bulb is 
engaged to the inside surface of a tip-off portion of the jacket-bulb 

15 directly or indirectly via other material. 

(5) The light-transmieeive ceramic discharge enclosure of the 
lighting-aource bulb ia directly supported by the supporting band having 
elasticity, e.g., instead of the junction conductor. 

3_ Power receiving means 

20 A power receiving means may be mounted on the jacket-bulb for 

coupling the high-intensity discharge lamp to the lighting circuit. For 
a power receiving device, an appropriate device such as a Bcrewbase 
used for every types of lamp, a cap of a hook type ceiling jack which is 
used for feeding power to the Bealing lighting unit, an insulated wire for 

25 directly coupling the high frequency output terminal to the lighting 
circuit can be adopted. 
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In case of adopting the screw-base for the receiving device, an 
appropriate one can be selected from various types of known screw-base. 
However, if it is attached a great importance to a compatibility for 
existing incandescent lamps or screwbase'mount type fluorescent lamps 
5 it is desirable to use a screw-base having the same specifications as 
those of them. 

As the lamp-base, every types of bases such as a screw-base, a 
pin-base or a bayonet-base could be adopted, as required or optionally. 
However, since a compact high-intensity discharge lamp having the 
10 lighting power less than 50 W is able to be constituted substitutable for 
the halogen lamp, if needed an Ell type screw-base which is used for a 
commercial power supply voltage. 

Then, the screw-base which is coupled to one end of the jacket-bulb 
is mounted on the lamp socket, so that the high-intensity discharge 
15 lamp is simply and easily attached. 

Accordingly, it is able to substitute the high-intensity discharge 
lamp for the halogen lamp. 

4. Getter 

To absorb impurity gas in the jacket-bulb, the setter is mounted in 
20 the jacket-bulb, as conventionally used. In this case, the getter is 
supported by a proper member such as the light-transmiseive ceramic 
discharge enclosure or the junction conductor. 

^Operations of the Invention> 
In the high-intensity discharge lamp according to this aspect of the 
25 invention, the electrode extends through the small- diameter cylinder in 
leaving narrow gaps between the electrode and the inside surface of the 
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small- diameter cylinder. The discharge agent in the liquid-phase stays 
in the narrow gaps during a stable lighting. And the surface or the 
interface of the liquid-phase discharge agent becomes the coldest portion 
which determines the vapor pressure of the discharge agent. However, 
5 in a glow discharge operation, the discharge agent staying in the narrow 
gap temporarily evaporates. It is desirable that the discharge agent 
evaporates within a proper time at a starting operation. 

In this aspect of the invention, since the metallic coil is wound on at 
least one of the small- diameter cylinders of the light-transmiaaive 

10 ceramic discharge enclosure a relatively high voltage ia applied across 
the electrode and the metallic coil which is wound on the small- diameter 
cylinder facing the electrode at a starting operation. So that a weak 
discharge occurs across the ceramics of the small-diameter cylinder 
between the electrode and the metallic coil to support the operation. 

15 Accordingly the starting voltage is remarkably lowered. And, since the 
metallic coil faces a vicinity of the surface of the discharge agent the 
vapor of the discharge agent is stimulated at a starting operation. 

Further, since a by-pass for electric energy is caused by the wealt 
discharge which is generated by the arrangement of the metallic, the 

20 glow-arc transition time at the electrode facing the metallic coil tends to 
be extended in comparison to that in the case that there is no metallic 
coil. Thus the metallic coil is effective for optimizing the glow-arc 
transition time. Accordingly the metallic coil is able to suppress the 
blackening at a starting operation. 

25 A high-intensity discharge lamp according to the second aspect of 

the invention comprises a lighting-source bulb provided with a 
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light-transmissive ceramic discharge enclosure containing an enclosure 
defining a discharge space and a pair of small - diameter cylinders 
communicating with the enclosure at both ends thereof and having an 
inside diameter smaller than the enclosure, a first and a second slender 
5 electrodes extending through the small-diameter cylinders of the 
light-transmissive ceramic discharge enclosure in leaving narrow gaps 
between the inside surfaces of the emall'diameter cylinders and the 
electrodes and a discharge agent filled in the lighftranemiasive ceramic 
discharge enclosure, a first metallic coil which is wound on the outside 

10 surface of the one end of the small-diameter cylinder wherein the first 
electrode is inserted through, and which is coupled to have the same 
potential aa the second electrode, a second metallic coil which is wound 
on the other small-diameter cylinder through which the second electrode 
extends, and which is coupled to the first electrode to have the same 

15 potential as the electrode, a jacket-bulb which accommodates the 
lighting-source bulb and the first and the second metallic coils 
hermetically and a pair of outer lead terminals which are coupled to the 
first and the second electrodes and hermetically led outside the 
jacket-bulb. 

20 In this aspect of the invention, the first and the second metallic 

coils are wound on the small-diameter cylinders in confronting with the 
first and the second electrodes. 

Thus, in this aspect of the invention, the starting voltage lowers 
further in comparison to that in a case that the metallic coil is wound on 
25 only one of the electrodes. 

Further, since the first and the second metallic coils are wound on 
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the both first and the second electrodes, it is effective to optimize the 
glow-arc transition time of each electrode at a good balance. So, the 
plow arc transition time at each of the electrodes are easy to become 
identical and thus the blackening at a starting operation is all the more 
5 depressed. 

A high-intensity discharge lamp according to the third aspect of the 
invention comprises a lighting-source bulb provided with a 
light-transmissive ceramic discharge enclosure containing an enclosure 
defining a discharge space and a pair of small-diameter cylinders 

10 communicating with the enclosure at both ends thereof and having an 
inside diameter smaller than the enclosure, a pair of slender electrodes 
extending through the small- diameter cylinders of the 
light-transmiseive ceramic discharge enclosure in leaving narrow gape 
between the inside surfaces of the small-diameter cylinders and the 

15 electrodes and discharge agent filled in the light-transmissive ceramic 
discharge enclosure, a first metallic coil which is wound on the outside 
surface of the one end of the email* diameter cylinder wherein on© of the 
electrodes is inserted through, and which is coupled to the other 
electrode to have the same potential as the electrodes, a second metallic 

20 coil which is wound on the other small-diameter cylinder wherein the 
other electrode is inserted through, a jacket-bulb which accommodates 
the lighting- source bulb and the first and the second metallic coils 
hermetically and a pair of outer lead terminals which are coupled to a 
pair of electrodee and hermetically led outside the jacket-bulb. 

25 This aspect of the invention is identical with that of the second 

aspect of he invention in respect that a pair of metallic coils are wound 
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on the small'dxameter cylinder, but the second metallic coil is not 
coupled to the other electrode. That is, the second metallic coil is 
electrically isolated from the electrode. However, the second metallic 
coil is electro-statically coupled to the second electrode. 
5 Then, in this aspect of the invention, it is identical with that of 

claims mentioned above at a point that the other metallic coil is wound 
on the small-diameter cylinder. In addition, the second metallic coil is 
also wound on the small-diameter cylinder, so it tends to extend the 
glow-arc transition time of the second electrode at a starting operation. 
10 Accordingly, it will be easy to control the glow-arc transition time of the 
second electrode at a starting operation in the desirable range. That is, 
it is somewhat effective to depress the blackening at a starting 
operation. 

A high-intensity discharge lamp according to the fourth aspect of 
15 the invention, is characterized by that, further to the high-intensity 
discharge lamps according to the any of the first to third aspects of the 
invention, the metallic coil is wound on the small-diameter cylinder 
more than four turns. 

This fourth aspect of the invention defines an effective number of 
20 turns of the metallic coil. 

That ia, the operation of the metallic coil is affected, by the number 
of turns of the metallic coil. In the case that the number of turns is 
lees than four, it ia difficult to achieve enough function for decreasing 
the starting voltage. The reason is not always apparent, but it ia 
25 assumed that it relates to the electrostatic capacitance. In such a 
sense, it is desirable to tightly wind the metallic coil on the 
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small -diameter cylinder so as to make the gap narrow as much as 
possible. 

On the other hand, the upper limit of the number of turiiB of the 
metallic coil is decided by the size of the light-tranemiasive ceramic 
5 discharge enclosure in the axial direction. 

Accordingly, a proper number of turns of the metallic coil is able to 
be defined in order to achieve the desirable starting voltage in the range 
that the metallic coil is possible to be wound on the small-diameter 
cylinder. Further this aspect of the invention is also effective for 
10 mainly aiming to adjust the glow-arc transition time at a starting 
operation in the desirable ranee. 

A high-intensity discharge lamp according to the fifth aspect of the 
invention, is characterized by that, further to the high-intensity 
discharge lamp according to any one of the first to fourth aapect of the 
15 invention, one end of the metallic coil is placed near the boundary of the 
enclosure of the lighftransmissive ceramic discharge enclosure. 

This fifth aspect of the invention defines a suitable place for 
arranging the metallic coil- 
That is, since one end of the metallic coil is placed near the 
20 enclosure of the lighftransmissive ceramic discharge enclosure, it will 
make the positioning and fixing of the metallic coil easy. Further, it is 
able to design the high-intensity discharge lamp wherein the surface of 
the discharge agent faces the metallic coil. 

A high-intensity discharge lamp according to the sixth aspect of the 
25 invention, is characterized by that further to the high-intensity 
discharge lamp according to any one the first to fifth aspects of the 
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invention, the winding pitch of the metallic coil resides in the range of 
100 % to 500 %. 

This sixth aspect of the invention defines a suitable winding pitch of 
the metallic coil. 



centers of adjacent two turns of the coil to the diameter of the metal 
wire for forming the coil. Accordingly, in case of the winding pitch is 
100 %. it indicates that the coil is wound in tight. Further, in case of 
that the winding pitch is 500 %, a gap four times wider than the 

10 diameter of the metallic wire shaping the coil is defined between 
adjacent two turns. 

In this aspect of the invention, if the winding pitch exceeds 500 %, 
it will become somewhat difficult to wind a coil on the small-diameter 
cylinder not only in tight as much as possible, but also preventing 

15 looseness of coils after windings. Further, though the coils touch each 
other between turns next to when the windine pitch is 100 it cannot 
be the problem especially- 
Then, in this aspect of the invention, the winding of the metallic 
coil is easily performed and the decrease of the starting voltage is 

20 effective. 

A high-intensity discharge lamp according to the seventh aspect of 
the invention, is characterized by that further to the high-intensity 
discharge lamp according to any one of the first to sixth aspecta of the 
invention, the value of L1/L2 will be 0.3 to 1.0, when the length of the 
25 metallic coil is denoted as L.1 and the length of the small-diameter 
cylinders of the light-transmissive ceramic discharge enclosure is 



The term "winding pitch'* means the ratio of the distance between 
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denoted as L2. 

This aspect of the invention defines a suitable length LI in the axial 
direction of the metallic coil to the length L2 of the sm all- diameter 
cylinder- 

5 That is, the metallic coil is wound over the entire length of the 

small-diameter cylinder. The metallic coil may have the length longer 
than the small- diameter cylinder by 0,3 times at the shortest. 

A high-intensity discharge lamp according to the eighth aspect of 
the invention, is characterized by that further to the high-intensity 

10 discharge lamp according to any one of the first to seventh aspects of the 
invention, the one end of the metallic coil which placed on the opposite 
end of the enclosure of the light"transmissive ceramic discharge 
enclosure is coupled to be the same potential a a that of the other end. 

This aspect of the invention defines the suitable selection of the end 

15 of the metallic coil to be coupled to the electrode. That is, the end of 
the metallic coil placed on the opposite end of the enclosure is coupled to 
the electrode, so as to decrease the effect of the connecting 1 portion of the 
metallic coil on the distribution of the light of the high-intensity 
discharge lamp. Further, when the metallic coil is coupled to the 

20 electrode, the enclosure of the lisht-tranemissive ceramic discharge 
enclosure is hard to be disturbed, so as to enhance the coupling 
operability. 

A high-intensity discharge lamp according to the ninth aspect of the 
invention, is characterized by that further to the high-intensity 
25 discharge lamp according to any one of the first to eighth aspects of the 
invention, the electrostatic capacitance across the pair of outer lead 
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terminals are among 1.2 to 4 pF. 

Thia aapect of the invention defines the electrostatic capacitance 
across the pair of outer lead terminal, which is suitable for decreasing 
the starting voltage, 
5 The electrostatic capacitance across the pair of outer lead terminals 

are measured at a frequency of 40kHz when the high-intensity discharge 
lamp is provided with the jacket-bulb and the metallic coil, and the 
screw-base is took off. Here, it is allowable tbat trie interior of the 
jacket-bulb is in the lower evacuated condition about 10 to 4 torr. 

10 Then, since in this aspect of the invention there are provided the 

metallic coil, the electrostatic capacitance across the pair of outer lead 
terminals increases. So that, the little discharge is generated between 
the electrode and the metallic coil which faces the electrode via the 
ceramics at a starting operation, and the operation of this aspect of the 

15 invention is enhanced. So, the starting voltaee is remarkably lowered. 

Further, electric energy is by-passed via the electrostatic 
capacitance at a starting operation, and then that amount of electric 
energy is not applied to the electrode. So that, the glow arc transition 
time is properly extended within a suitable ranee. Accordingly, it is 

20 able to prevent trie blackening from occurring effectively at a starting 
operation. 

Further, even in the case that the metallic coil is not coupled to the 
other electrode, the electrostatic capacitance across the pair of outer 
lead terminals increases. 
25 A high-intensity discharge lamp according to the tenth aspect of the 

invention, is characterized by that further to the high-intenBity 
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discharge lamp according to any one of the first to ninth aspects of the 
invention, the electrode is providing the metallic coil, which is wound on 
at least one part of its axis facing the metallic coil. 

As a premiae that the metallic coil is able to be placed inside the 
5 small-diameter cylinders of the light-transmissive ceramic discharge 
enclosure, the diameter of the wire, the number of turne and the 
winding pitch are not limited a specific one. 

Further, the discharge agent comes and goes through the narrow 
gap left between the metallic coil and the small-diameter cylinder, and 
10 stays there in a liquid-phase during the lighting of the lamp 

So. in this aspect of the invention the metallic coil is placed on the 
ahanJc of the electrode, so that the starting voltage is further decreased. 
Further, it is able to control the glow-arc transition time desirably, that 
means it is able to longer the glow-arc transition time. It is not 
15 apparent the reason for taking such an effect as mentioned above, but 
the reason is assumed that the area that the metallic coil faces the 
small-diameter cylinder increases but the length of the distance of them 
decreases. Then the electrostatic capacitance across them increases. 

Further, this aspect of the invention is effective in the case that the 
20 diameter of the axis of the electrode is smaller than the inside diameter 
of the small-diameter cylinder, and that the gap is relatively wide. 

A high-intensity discharge lamp lighting system according to the 
eleventh aspect of the invention comprises a high intenaity discharge 
lamp according to any one of the first to tenth aspects of the invention, 
25 and a lighting circuit which is made by principally an inverter for 
lighting the high-intensity discharge lamp at a high frequency region. 
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<Arrangement of High-Intensity Discharge Lamp and Lighting Circuits 
In thia aspect of the invention, an only thing is that the 
high intenaity discharge lamp and the liehtine circuit are electrically 
coupled with each other. They may be spatially apart to each other, or 
o be physically coupled together. For instance, as the former example of 
arrangement, the high-intenBity discharge lamp ia mounted to the 
lighting unit. While the lighting circuit its located apart from the 
high-intensity discharge lamp, e.g., at a behind of ceilings. And the 
latter example is an arrangement for configuring the screwbase-mount 
10 type high-intensity discharge lamp as described below. 

<Lighting Circuit^ 

1. In this aspect of the invention, the term "high frequency" means 
the frequency of around 5 lcH« or higher. 

2, A lighting circuit for fluorescent lamp is used to miniaturize the 
15 lighting circuit. The lighting circuit for the fluorescent lamp has a load 

characteristics smoothly extending from the second-order open-circuit 

voltage to the second-order short-circuit current. 

In this aspect of the invention, the lighting circuit for the 

fluorescent lamp ia able to be diverted for the present invention. Off 
20 course it is regardless to say that it is able to use the lighting circuit 

which is manufactured for the high-intensity discharge lamp to satisfy a 

predetermined load characteristics. 

Furthermore, in thia aspect of the invention, the second-order 

open-circuit voltage V20 of the lighting circuit is defined within the 
25 range having relatively great flexibility. That is, in general, the ratio 

V20/Vs (%) of the second-order open-circuit voltage V20 of the lighting 
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circuit to tlie dia charge starting voltage VS of the high-intenaity 
discharge lamp is able to be defined in the following range. 

110 ^ V20 ^ 300 
Here, since the discharge starting voltage Vs of the high-intensity 
5 discharge lamp statistically disperses, it is required to pay much 
attention to specify the discharge starting voltage Vs. 

By the way, the principal circuit arrangement of the lighting circuit 
may be any type if it has the load characteristics aa mentioned above. 
For instance, the stabilizer may have a circuit arrangement constituted 
10 by principally a half bridge inverter, a full-bridge inverter, a parallel 
inverter, a single-transistor type inverter such as a blocking oscillator 
inverter. 

3. The operating frequency of the lighting circuit is defined in the 
range of 5 to 200 kHz. 
15 4. It is able to use the lighting circuit which is constituted by 

principally a high-frequency inverter provided, with an LC resonator. 

As an inverter satisfying the requirements as mentioned above, it is 
able to be used a half bridge inverter, a single transistor type inverter, 
e.g., a blocking oscillator inverter, or a parallel inverter. 
20 The oscillation control of the inverter may be done by either of a 

oelf-excitation or a separate-excitation. Further, the oscillating 
frequency of the inverter may be constant or variable. 

When the oscillating frequency of the inverter to the resonance 
frequency of the LC resonator varies in accordance with a situation, the 
25 output voltage of the stabilizer is able to be controlled by changing the 
oscillating frequency of the inverter. That is, if the oscillating 
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frequency is brought closer to the resonance frequency of the LC 
resonator at a starting operation, the output voltage rises, and thus the 
second-order open-circuit voltage ia able to be brought closer to the 
discharge starting voltage of the high intenaity discharge lamp. On the 
5 other hand, if the oscillating frequency ie brought apart from the 
resonance frequency after lighting, the output voltage is reduced. 
Accordingly, it is possible to provide the lighting circuit with a load 
characteristics which smoothly extends from the second-order discharge 
voltage close to the discharge starting voltage of the high-intensity 
10 discharge lamp to the second-order short-circuit current. 

Further, when the operating frequency i9 fixed, it is able to control 
the output voltage of the lighting circuit, by constituting the LC 
resonator so as that its resonance frequency varies in response to a 
situation. That is, when the inductor L of the LC resonator saturates 
15 at a non-loaded state, the inductance of the inductor L shrinks under 
saturation, while the resonance frequency rises and approach the 
operating frequency, so that the output voltage of the lighting circuit 
rises. Further, at a loaded state, the saturation of the inductor of the 
LC resonator is released according to the lamp current, so that the 
20 reaonauce frequency is estranged from the operating frequency and the 
output voltage is reduced. 

Then, by using the inverter providing the LC resonator, the circuit 
arrangement of the lighting circuit ia simplified, and thus it is possible 
to achieve all the more compact and inexpensive high-intensity 
25 discharge lamp lighting system. 

Furthermore, since the lighting circuit is provided with the LC 
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resonator, the waveform of the output voltage is able to be shaped to a 
sinusoidal waveform. 

<GlowArc Transition Time> 
By constructing the high-intensity discharge lamp wherein the 
5 glow-arc transition time is limited in the range of 0.5 to 3.0 sees, or 
preferably from 1.0 to 2.5 sees, the blackening at a starting operation 
will remarkably reduced, when the high-intensity discharge lamp is 
lighted by using a compact lighting circuit. The glow-arc transition 
time is achieved by measuring descent points on the voltage waveform 
10 on an oscilloscope and then calculating an average of five measured 
samples. Here, the descent points of the lamp voltage waveform have 
to be those at that the glow-arc transitions occur at both electrodes. 
Accordingly, the glow-arc transitions occur at a pair of electrodes at the 
same time. However, when there is a time lag between the glow-arc 
15 transitions on the electrodes, it will occur at the descent points of the 
electrode that the glow- arc transition occurs afterward. 

By the way, if the glow-arc transition time is less than 0.5 sees, the 
glow-arc transition power is supplied heavily in a short time and the 
electrode is heated excessively. Thus, the evaporation of the electrode 
20 ie performed excessively, the blackening is enhanced, and a luminous 
flux retention lowers too much. That is why it is improper. 

Further, if the glow-arc transition time becomes longer more than 
3.0 sees, the sputtering of the electrode becomes rather remarkable. 
Thus, the blackening at a starting operation is accelerated, and the 
25 luminous flux retention lowers. That is why it is improper. 

Thus, if the glow-arc transition time is within the range of 0.5 to 3.0 
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sees, it will be able to maintain around the 80 % or more of the luminous 
flux retention after 3,000 houra of lighting. Here, the lighting time 
mentioned above means the time or houra that the high-intensity 
discharge lamp was intermittently lighted by alternative repetitions of 
5 about 165 minutee of lighting and about 15 minutes of extinction- 
Further, it ia able to define the glow- arc transition time within the 
range mentioned above by properly defining the specifications of the 
high-intensity discharge lamp and making match with the lighting 
circuit. 

10 A lighting appliance according to the twelfth aspect of the invention 

comprises a lighting appliance principal body, and a high-intensity 
discharge lamp lighting system according to the eleventh aspect of the 
invention which is mounted to the lighting appliance principal body. 

In thie aspect of the invention, the term "lighting appliance" has a 

10 wide concept including any devices for utilizing light radiated from the 
high-intensity discharge lamp in one object or another. For instance, 
the lighting appliance is able to be adapted to a screw-base -mount type 
high-intenaity discharge lamp, a lighting unit, a mobile head light, a 
light source for optical fibers, an image projection device, an 

20 optic-chemical device, or a fingerprint discrimination device. 

The term "lighting appliance principal body" means a whole portion 
of the lighting appliance except the high-intensity discharge lamp. 

The term "screw-baac mount type high -intensity discharge lamp" 
means the lighting appliance in which the high-intensity discharge lamp 

25 and the stabilizer are integrated together, and further provided with a 
screw-base for receiving power when coupled to a lamp socket, so as to 
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allow to be uaed in similar manner to the ordinary incandescent lamp. 

Further, the lighting circuit of the high-intensity discharge lamp 
lighting system may be located in the lighting appliance principal body 
or at a place apart from tbe lighting appliance principal body such as a 
5 behind of ceilings. 

Next, in case of constituting the screwbasemount type 
high-intensity discharge lamp, it is able to provide a reflector for 
condensing light so as that the high -intensity discharge lamp presents a 
desired light distribution characteristics. 
10 Furthermore, for moderately reducing the brightness of the 

high-intensity discharge lamp, it is able to provide a light diffusion 
glove, or a cover in place of or in addition to the reflector. 

Further, it is able to use a screw-base having desirable 
specifications. Accordingly, for replacing directly with conventional 
15 light-source lamps, a screwbaae the same as that of the conventional 
light-source lamps is able to be adopted. 

By the way, the lighting appliance is a lighting unit, it may be 
configured that the lighting appliance principal body is provided with 
the lighting circuit and the lamp socket, and the high-intensity 
20 discharge lamp is coupled to the lamp socket. However, the 
screwbase'inount type high-intensity discharge lamp may be coupled to 
the lamp socket as a light source, when the lighting appliance principal 
body is not provided with the lighting circuit. 

Additional objects and advantages of the present invention 
25 will be apparent to persons skilled in the art from a study of the 
following description and the accompanying drawings, which are 
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hereby incorporated in and constitute a part of this specification. 
5. BRIEF DESCRIPTIONS OF THE DRAWINGS 

5 A more complete appreciation of the present invention and 

many of the attendant advantages thereof will be readily obtained 
as the same becomes better understood by reference to the 
following detailed description when considered in connection with 
the accompanying drawings, wherein- 
10 FIG. 1 is a partial section front view of a first embodiment of the 

high-intensity discharge lamp according to the present invention! 

FIG. 2 is a partial enlarged section front view of the high-intensity 
discharge lamp; 

FIG. 3 is a partial section front view showing the wire bulb state 
15 before the screw-base is mounted; 

FIG. 4 is a partial section front view of th4e second embodiment of 
the high-intensity discharge lamp according to the present invention; 

FIG. 5 is a partial section front view of the third embodiment of the 
high-intensity discharge lamp according to the present invention; 
20 FIG. 6 ia a partial enlarged section front view of the forth 

embodiment of the high-intensity discharge lamp according to the 
present invention; 

FIG. 7 is a circuit diagram snowing the lighting circuit in one 
embodiment of the high-intensity discharge lamp device according to the 
20 present invention; 

FIG. 8 is a partial section side view showing a spotlight as the first 
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embodiment of the lighting system according to the present invention; 
and 

FIG. 9 is a partial section front view showing the screwbase-mount 
type high-intensity discharge lamp as the second embodiment of the 
5 lighting system according to the present invention. 

6. DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to the attached drawings, FIGS. 1 to 9, some 
10 embodiments of the present invention will be explained hereinafter. 

FIG. 1 is a partial section front view of the first embodiment of the 
high-intensity discharge lamp according to the present invention. 

FIG. 2 is an enlarged section front view of the high-intensity 
discharge lamp. 

15 FIG. 3 is a partial section front view showing the wire bulb state 

before the screw-base is not mounted on the high-intensity discharge 
lamp. 

In the drawings, the high-intensity discharge lamp is comprised of a 
lighting-source bulb IB, a first junction conductor CCl, a second 
20 junction conductor CC2, fiat and second metallic coils COl, Co2, a 
jacket-bulb OB, a pair of outer lead terminals OCTl, OCT2, a getter GT, 
and a screwbase B. 

-^Lighting-Source Bulb IB^ 
The lighting-source bulb IB is provided with a light-transmissive 
25 ceramic discharge enclosure 1, first and Becond electrodes 2A, 2B, a 
feed-conductor 3, a sealant 4, and a liquid-state discharge agent 5. And 
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it is symmetrical in top and bottom. 

The light-transmissive ceramic discharge enclosure 1 is provided 
with an enclosure la, and a pair of a small-diameter portions lb, lb. 

The enclosure la is almost ball whose both ends are shrinked by 
5 smooth, curved surface. 

The small-diameter cylinder lb is coupled to the enclosure la by a 
smooth curved surface so aa to integrally form the light-transmissive 
ceramic discharge enclosure 1. 

The first and the second electrodes 2A and 2B are made of doped 
10 tungsten, and they are provided with a rod shaped axis portion 2a and a 
coil portion 2b. The axis portion 2a is passed through the 
small-diameter cylinder lb as the inside end of it protrudes into the 
enclosure la. So that the narrow gap g is left between the 
small-diameter cylinder lb and the first and the second electrodes 2A 
15 and 2B. 

The coil portion 2b is coupled to the axis portion 2a. 

The feed-conductor 3 is made of niobium and shaped like a rod. 
The inside end of it is fit face-to -face manner to the outside end of the 
electrodes 2A and 2B and discharge-welded, and the outside end of it 

20 protrudes from the light-transmissive ceramic discharge enclosure 1. 

The sealant 4 melts the ceramic sealing compound and hardened in 
order to not only seal the light-transmissive ceramic discharge enclosure 
1 by entering between the small-diameter cylinder lb of the 
light'transmiasive ceramic discharge enclosure 1 and the sealable 

25 portion 2a, but only cover the feed-conductor 3 for preventing the 
feed-conductor from it exposure to the light-transmissive ceramic 
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discharge enclosure 1. Further, the electrodes 2A and 2B are fixed to a 
predetermined position by the sealing. 

To form a sealant, ceramic sealing compound is placed around the 
sealable portion of the lighttranamissive ceramic discharge enclosure 1 
5 which is located in a vertical position, and the portion protrudes outside 
the feed-conductor 3. So that, it is melted by heat and flow into the gap 
between the feed-conductor 3 and the groove portion lc, thus, it covers 
not only the entire of the feed-conductor 3 which is passed through the 
small-diameter cylinder lb, but also the outside end of the electrode 2, 
10 then it is hardened by cooling. 

The discharge agent filled in the light-transmissive ceramic 
enclosure 1 is comprised of operating gas and buffer eas containing neon 
and argon, light -yielding metal halide. and mercury as buffer vapor- 
Further, since the metal halide and the mercury are filled in the 
15 light'tranamissive ceramic enclosure 1 excessively over the evaporating 
amount, some of them Btay in a narrow gap g in a liquid-phase during 
the stable lighting. Then the surface of the discharge agent 5 becomes 
the coldest portion. 

<Junction Conductors CGI, CC2> 

20 The fist junction conductor CCl is made of a molybdenum wire, the 

inside end of it is coupled to the feed-conductor 3 at the side of the 
electrode 2A, and the mid-portion of it extends in parallel to and 
separately from the axial direction of the light-transmissivQ ceramic 
discharge enclosure 1 . 

25 The second junction conductor CC2 is made of the molybdenum, and 

the inside end of it is coupled to the feed-conductor 3 at the side of the 
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electrode 2B. 

<Metallic Coils COl, C02^ 
The first metallic coil COl is wound on the small-diameter cylinder 
lb wherein the first electrode 2A is passed through. And the end of the 
5 coil at the aide of the feed-conductor 3 extends apart from the axial 
direction of the light-transmiesive ceramic discharge enclosure 1 and it 
is coupled to the feed-conductor 3 at the aide of the second electrode 2B. 

The second metallic coil C02 is wound on the small - diameter 
cylinder lb wherein the second electrode 2B is passed through. And 
10 the end of the coil at the side3 of the feed-conductor 3 is coupled to the 
first junction conductor CC2_ 

<Jacket-Bulb OB> 
The jacket-bulb OB is made of the T-shaped hard glass bulb. A 
pinch-sealed portion ps is formed at the outside end of the jacket-bulb 
15 OB, and an evacuation pinch'off portion t is formed at the inside end of 
the jacket-bulb OB. The interior of the jacket-bulb is in the lower 
evacuated condition around 10 to 4 torr. 

The pinch-soaled portion ps is formed hy pinching the opening of the 
T-shaped bulb when the opening is softened by the heating. 
20 The evacuation pinch-off portion t ia a trace which had been left 

after evacuating the jacket-bulb OB through an exhaust pipe and 
pinching-off the pipe. 

<Outer Lead Terminals OCTl, OCT2> 
A pair of outer lead terminals OCTl and OCT2 is integrated 
25 together with the first and the second junction conductor s CCl and CC2 
by extending those feed-conductors. And it protrudes from the 
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jacket-bulb OB before the screw-base B as the receiving means is 
mounted. 

<Getter GT^ 

The getter GT is made of ZrAl alloy, and it ia supported by the first 
5 junction conductor CC1 by welding. 

<Screw-Baae B> 

The screwbase is an Ell type acrew base, and the pair of outer lead 
terminals OCT 1 and OCT 2 are coupled to it if needed. Further, it iB 
fixed to the pinch-sealed portion ps of the jacket-bulb OB by inorganic 
10 adhesive, 

<Examplea> 

It is the high-intensity discharge lamp, as shown in FIGS. 1 to 3. 
The high-intensity discharge lamp has following specifications- 

<Lighting-Sou.rce Bulb> 
15 Discharge lamp light- transmissive ceramic enclosure* made of light 

almina-ceraznics; Length 23 mm; Enclosure la with Outside diameter 6 
mm and Inside diameter 5 mm (Wall thickness 0.5mm); Small-diameter 
cylinder lb with Outeide diameter 1.8 mm, and Inside diameter 0.7 mm 
(Wall thickness 0.5 mm); Length L2 8mm. 
20 Electrode; made of tungsten and having a shank and a coil portion 

both with a diameter of 0.2 mm 

Feed-conductor! made of niobium; and having a diameter of 0.64 mm 
Narrow gap g>" 0.25 mm 

Discharge agent: Nc t Ar 3 % 26.6 kPa (200 torr) aa operating gaa 
25 and buffer gas; and Proper quantity of mercury and halide of 
light-yielding metal. The light-yielding metal halide is filled in the 
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enclosure by an amount that the metal halide does not completely 
evaporate, but surplus of the metal halide ataya in the narrow gap- 
First and second metallic coils; Molybdenum wirs with a diameter 
0.3 mm is wound on the small-diameter cylinder from a place near the 
5 enclosure by 7 turns at 200 % of winding pitch. The length LI is about 
5 mm and the ratio (11/1,2): ±* o. 63. 

Electrostatic capacitance across the pair of outer lead terminals^ 2.3 

pF 

Operating voltage-* 0.7 kVp-p (In comparative example having the 
10 aame specifications as those of the present example but not provided 
with the first and the second metallic coils, its starting voltaee were 3.0 
kVp-p) 

Glow arc transition time: 1.4 eecsin the fir3t electrode, and 1.6 sees, 
in the second electrode 
15 FIG. 4 is a partial section front view showing the second 

embodiment of the high-intensity discharge lamp according to the 
present invention. 

In FIG. 4, the same elements as those, as ahown in FIG. 1, are 
assigned with the same marks. 
20 This embodiment differs from others in that the first metallic coil 

COl is not coupled to the second electrode 2B. 

That is, the first metallic coil COl is electrically isolated from the 
one electrode. 

Then, the starting voltage is 1.0 kVp-p. And, the glow-arc 
25 transition time of the first electrode 2A is 0.7 sees, and that of the 
second electrode 2B is 1.5 sees. 
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Further, the electrostatic capacitance across the outer lead 
terminals OCl and OCT2 becomes about 1.8 to 2.0 pF. 

FIG, 5 is a partial section front view showing the third embodiment 
of the high "intensity discharge lamp according to the present invention. 
5 In FIG. 5, the same elements as those, as shown in FIG. 1, are 

assigned with the same marks. 

This embodiment differs from others in that only the second 
metallic coil C02 is wound on the small-diameter cylinder. 

Then, the starting voltage is l.l kVp-p. And, the glow-arc 
10 transition time of the first electrode 2A is 0.6 sees, and that of the 
second electrode 2B is 1.4 sees. 

Further, the electrostatic capacitance across the outer lead 
terminals OCl and OCT2 becomes about 1.3 to 1.8 pF. 

FIG. 6 is a partial enlarged section front view showing the fourth 
15 embodiment of the high-intensity discharge lamp according to the 
present invention. 

In FIG. 6, the same elements as those, as shown in FIG- 2, are 
assigned with the same marks. 

This embodiment differs from others in that the metallic coils MC 1 
20 and MC2 are wound on the portion where the axis portions 2a of the 
both electrodes 2A and 2B face to the metallic coils COl and C02. 

That is, the metallic coils MCI and MC2 are shaped by winding a 
0.2 mm thick tungsten wire by eight turns around the axis portion 2a of 
the electrodes. 

25 Accordingly, not only a narrow gap with about 0.05 mm is left 

between the metallic coils COl, C02 and the inside surface of the 
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small-diameter cylinder lb, but also another gap is also left extending 
spirally between the metallic coils COl, C02. 

FIG. 7 is a circuit diagram showing a lighting circuit in an 
embodiment of the high-intensity discharge lamp lighting system 
5 according to the preeent invention. 

In FIG 7, AS denotes a low-frequency AC power source, f denotes an 
overcurrent protection fuse, NF denotes a noise filter, RD denotes a 
rectified DC power source, Ql denotes a first switching device, Q2 
denotes a second switching device, GD denotes a gate drive circuit, ST 
10 denotes a starting circuit, GP denotes a gate protection circuit, LC 
denotes a load circuit, and c, d indicate nodes across that the 
high-intensity discharge lamp 11 is coupled to the lighting circuit 
through a socket 14b. 

The low-frequency AC power source AS means a commercial 100 V 
15 power source. 

The overcurrent protection fuse f is a pattern-fuse printed on a 
printed circuit board. The fuse f protects the lighting circuit from its 
burn-out when an excessive current has flown in the lighting circuit. 

The noise filter NF is comprised of an inductor Ll and a capacitor 
20 Cl, and eliminates high frequency components occurring with the 
operation of the high frequency inverter from their incurrent to the 
power supply side. 

The rectified DC power source RD is comprised of a bridge rectifier 
circuit BR and a smoothing capacitor C2. AC input terminals of the 
25 bridge rectifier circuit BR are coupled to the low-frequency AC power 
source AS via the noise filter NF and the overcurrent protection fuse f. 
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DC output terminals thereof are coupled across a smoothing capacitor 
C2 and output a smoothed DC current. 

The firat switching device Ql is comprised of an Nchannel 
MOSFET whose drain is connected to the positive polarity terminal of 
5 the smoothing capacitor C2. 

The second switching device Q2 is comprised of a P-channel 
MOSFET whose source is connected to the source of the first switching 
device Ql, while whose drain is connected to the negative polarity 
terminal of the smoothing capacitor C2. 
10 Accordingly, the first and the second switching devices Ql and Q2 

are connected in series in order, and their respective polarity terminals 
are connected across the output terminals the rectified DC power source 



15 series resonator SRC, and a gate voltage output circuit GO. 

The feedback circuit FBC is comprised of an auxiliary winding 
which is magnetically coupled to a current limiting inductor L2_ 

The series resonator SRC is comprised of a series circuit of an 
inductor L3 and a capacitor C3 which is connected across the feedback 
20 circuit FBC. 

The gate voltage output circuit GO is constituted for outputtine a 
resonance voltage appearing across the capacitor C3 of the series 
resonant circuit SO via a capacitor C4. Then, one end of the capacitor 
C4 is coupled to the connection node of the capacitor C3 and the 
25 inductor L3, while the other end of the capacitor C4 is coupled to the 
gates of the first and the second switching devices Ql and Q2. Further, 



The gate drive circuit GD is comprised of a feedback circuit FBC, a 
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the other end of the capacitor C3 is coupled to the sources of the first 
and the second switching devices Ql and Q2. Accordingly, the 
resonance voltage appearing across the capacitor C3 is applied across 
the gates and the sources of the first and the second switching devices 
5 Ql and Q2 via the gate voltage output circuit GO. 

The starting circuit ST is comprised of resistors Rl, R2 and R3. 
One end of the resistor Rl is connected to the positive polarity 
terminal of the smoothing capacitor C2. The other end of the resistor 
R2 is connected to the gate of the first switching device Ql. The other 
10 end of the resistor Rl is also connected to the one end of the resistor R2, 
the output terminal of the gate voltage output circuit GO of the erate 
drive circuit GD and the other end of the capacitor C4. 

The other end of the resistor R2 is connected to the connection node 
of the inductor L3 of the series resonator SRC and the feedback circuit 
15 FBC. 

One end of the resistor K3 is connected to both of the first and the 
second switching devices Ql and Q2, i.e., the sources of the switching 
devices Ql and Q2 and the source of the gate voltage output circuit GO. 
While the other end of the resistor R3 is connected to the negative 
20 polarity terminal of the smoothing capacitor C2_ 

The gate protection circuit GP is comprised of a pair of 2ener diodes 
connected in series and their opposite terminals connected each other, 
and is connected in parallel to a eate voltage output circuit GO. 

The load circuit LC is comprised of a series circuit of the 
25 high-intensity discharge lamp HD, the current limiting inductor L2 and 
a DC-blocking capacitor C5, and a resonance capacitor C6 which is 
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connected in parallel to the high-intensity discharge lamp HD, One 
end of the load circuit LC is connected to the high frequency output 
terminal c, and the other end is connected to the drain of the second 
switching device Q2. 
5 Across the terminals c and d, the high- intensity discharge lamp 

HLP is coupled to the lighting circuit through the lamp socket. 

The high-intensity discharge lamp HD io constituted as shown in 
FIGS. 1 to 3, and having the above-described specification. 

The current limiting inductor L2 and the resonance capacitor C6 
10 form together a series resonator. Here, the DC-blocking capacitor C5 
has a large capacitance, and thus does not significantly affect to the 
aeries resonance. 

A capacitor C7 connected across the drain and the sources of the 
second switching device Q2 reduces a load during the switching 
15 operation of the second switching device Q2. 

Now, the circuit operation will be explained. 

When the AC power source AS is powered'on, the DC voltage 
smoothed by the rectified DC power source RD appears across the 
smoothing capacitor C2. Then, the DC voltage is applied between both 

20 drains of the first and the second switching devices Ql and Q2, which ia 
connected in series. However, both switching means Ql and Q2 are 
turned off since the gate voltage ia not applied. 

Since the DC voltage as mentioned above is applied to the starting 
circuit ST at the same time, the voltage according to the proportional 

25 distribution of the resisting values of the resistors Rl, R2 and R3 
principally is applied to both ends of the resistor R2. Then, the 
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terminal voltage of the resistor R2 is applied across the gate and the 
source of the first and the second switching device Ql aB the positive 
voltage. 

As the result, since the first switching device Ql is set to exceed the 
5 threshold voltage it turns-on. However, since the voltage applied 
across the gate and the source of the second switching device Q2 has a 
polarity opposite to the gate voltage, the second switching device Q2 
stays in a turned-OFF state. 

When the first switching device Ql turns ON, a current flows to the 
10 load circuit LC from the rectification DC supply Bource RD via the first 
switching device Ql. Accordingly, the higher resonance voltage appears 
across the terminals of the resonance capacitor C6 due to the resonance 
of the series resonator of the current limiting inductor L2 and the 
resonance capacitor C6, and then the resonance voltage is applied to the 
15 high-intensity discharge lamp HPL. 

On the other hand, by the current flowing in the current limiting 
inductor L2 a voltage is induced in the feedback circuit FBC which 
magnetically couples to the current limiting inductor L2. Accordingly, 
since a boosted negative voltage is generated in the capacitor C3 by the 
20 series resonance of the series resonator SRC, the voltage is clipped to a 
fixed voltage in the gate protection circuit GP, and applied across the 
gate and the source of the first and the second switching devices Ql and 
Q2 via the gate voltage output circuit GO. 

Since the clipped fixed voltage exceeds the threshold voltage of the 
25 second switching device Q2, the second switching device Q2 turns ON. 

On the contrary, the first switching device Ql turns-off since the 
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gate voltage is reversed its polarity. 

When the second switching device Q2 turns ON, electromagnetic 
energy stored in the current limiting inductor L2 of the load circuit LC 
and charge stored in the capacitor C6 are released, and a current flows 
o in the reverse direction in the load circuit LC from the current limiting 
inductor L2 via the second switching device Q2. Then a reverse 
polarity nigh resonant voltage appears acrosa the capacitor CG and then 
applied to the high-intensity discharge lamp HPL. Hereinafter, the 
operations as mentioned above is repeated. 

10 By the way, since the half bridge high frequency inverter operates 

at the frequency which is relatively close to the resonance frequency of 
the series resonator comprised of the current limiting inductor L2 and 
the capacitor C6, before the high-intensity discharge lamp HLP starts, 
the second-order open-circuit voltage is about 500 V (effective voltage). 

15 That is, the second-order open-circuit voltage is about 1-0 kVp-p, and set 
to the voltage higher than the discharge starting voltage of the 
hign-intensity discharge lamp HLP. Further, since the second-order 
short-circuit current is about 550 mA. 

Accordingly, even if the igniter for generating the pulse voltage 

20 would not be used, the high-intensity discharge lamp HLP will starts 
lighting in a short time. After 1.4 sees, the glow-arc transition occurs, 
and then the rated lamp current value on the load characteristics graph 
moves to an operating point so as that the high-intensity discharge lamp 
HLP starts a stable lighting- Here, aa the high-intensity discharge 

25 lamp is performed the transition with n the glow-arc transition time as 
mentioned above, the blackening hardly occurs at a starting operation. 
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Here, the operating frequency while lightening is 47kHZ. 

FIG. 8 is a partial center-section side view of a spotlight type 
high-intensity discharge lamp as a first embodiment of the lighting 
device according to the present invention. 
5 In FIG. 8, 11 denotes a spotlight main-body, and 12 denotes a 

high-intensity discharge lamp. 

The spotlight main-body 11 is mainly provided with a ceiling base 
11a, an arm lib, a main-body case He, a lamp socket lid, a reflector He, 
a light-shield cylinder llf and a front glass 119, 
10 The ceiling base 11a hangs the spotlight by mounted on the ceiling, 

and it is coupled to the lighting circuit (not shown) which ia mounted 
behind the ceiling to receiving the power. 

The outside end of the arm lib is fixed to the ceiling bade 11a. 

The main-body case 11c haa an opening at its front, and is pivoted 
15 on the free-end of the arm lib in freely rockable in a vertical plane. 
Here, the range that the arm lib is able to rock in reference to the 
main-body case 11c is illustrated by the two-dot chain line in FIG. 8- 

The lamp socket lid, which fits to the Ell-type screw-base, is 
placed inside the main-body case 11c. 
20 The reflector lie is placed in front of the lamp socket lid, and 

mounted on the main-body case 11c. 

The light-shield cylinder llf is mounted on the middle portion of the 
opening edge of the reflector He. 

The front glass 119 is mounted on the opening edge of the 
25 main-body case 11c. 

The high-intensity discharge lamp 12 has the same specifications as 
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those, as shown in FIGS. 1 to 3, the same elements, as thoae shown in 
the drawings, arc assigned with the same marks and omitted the 
explanation. The, the high-intensity discharge lamp 12 is installed to 
the spotlight main-body 11 by mounting the screw-base B of the 
5 high-intensity discharge lamp 12 to the lamp socket lid. Further, the 
light-shield cylinder llf shields the light coming from the inside end of 
the jacket-bulb OB when the high-intensity discharge lam pl2 is 
installed to the spotlight main-body, so as to prevent glare. FIG. 9 is a 
partial section front view of the screw-base-mount type hieh'intensity 
10 discharge lamp as the fourth embodiment of the high-intensity 
discharge lamp and also aa the second embodiment of the lighting device 
according to the present invention. 

In FIG. 9, the screw-base-mount type high-intensity discharge lamp 
is provided with a high-intensity discharge lamp 12, a pedestal 13, a 
15 reflector 14, a lighting circuit 15, a base body 16 and a screw-base 17. 
The above components will be respectively explained hereinafter. 
<High-Intensity Discharge Lamp 12> 
The high-intensity discharge lamp 12 has almost the same 
specifications aa the high-intensity discharge lamp, as shown in FIG. 5, 
20 except the screw-base portion. In FIG. 9, the outer lead terminals 
OCT1 and OCT2 protrude upward from the pinch sealed portion ps of 
the jacket-bulb OB. Here, in FIG. 9, the same elements as those, as 
shown in FIG. 5, are assigned with same marks and omitted the 
explanation. 
25 <Pedestal 13> 

The pedestal 13 is made of heat-resistant synthetic resin. The 
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pedestal 13 Has a mounting hole 13a in its center portion, a mounting 
portion 13b around its upper peripheral portion and a conical skirt 13c 
on its lower peripheral portion. 

The mounting hole 13a is adapted for mounting the high-intensity 
5 discharge lamp 12 and the reflector 14 on the pedestal 13. The 
pinch-sealed portion pa of the high-intensity discharge lamp 12 and the 
outside end 14a of the reflector 14 are inserted into the mounting hole 
13a and then fixed thereto inorganic adhesive BC. 

The mounting portion 13b is fixed to the opening edge of the base 
10 body 16. 

The conical skirt 13c covers the reflector 14 for protection thereof 
and enhancing its appearance. 

<Re£lector 14> 

The reflector 14 ia placed around the high-intensity discharge lamp 
15 12 and covers at least the light -emitting portion, that is the enclosure 
la of the high-intensity discharge lamp 12, Accordingly the reflector 14 
is fixed on the pedestal 13. In the present embodiment as mentioned 
above, the high-intensity discharge lamp 12 is fixed on the pedestal 13 
together with the reflector 14. 
20 Further, the reflector 14 is formed in a bowl shape by glass and has 

a cylindrical edge 14a integrally-formed on the top of the bowl. And a 
reflecting surface 14b is formed on the inside eurface of the bowl-shape 
reflector by an evaporated aluminum film. The edge portion 14a is 
inserted into the mounting hole 13a of the pedestal 13, and then fixed to 
25 the pedestal 13 through the inorganic adhesive BC. 

Further, a front glass 14c is mounted on the opening portion of the 
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reflector 13. The front glass 14c ia made of transparent glass, and 
hermetically sealed to the reflector 14 through frit glass 18 with a low 
melting point. 

Furthermore, nitrogen aft inert-gas is filled in the space defined by 
5 the reflector 14 and the front glass 14c. 

^Lighting Circuit 15^ 
The lighting circuit 15 is mainly mounted on the upper side of the 
wiring board 15a in the drawing. And it accepts the outer lead 
terminals OCT 1 and OCT 2 of the high-intensity discharge lamp 12 
10 from the lower side of the wiring board 15a so as to connect to the 
wiring board 15a suitably. 

Further, the lighting circuit 15 has the same circuit construction ae 
that, as ehown in FIG. 6- 

<Baae Body 16> 

15 The base body 16 is shaped like a cup. A screwbaae 17 as 

described below is coupled to the base portion, and an outer-edge step 
16a is formed on the opening edge of the base body 16. Further the 
base body 16 accommodates therein the lighting circuit 15. Further, an 
outer-edge step 13c of the pedestal 13 fits into the outer-edge step 16a of 

20 the opening edge and then they are fixed by the inorganic adhesive. 
Here, holes or gaps for draining air out or dissipating heat are defined 
at a right place on the base body 16 or a fitting place thereof to the 
pedestal, as needed. 

<Screw-Base 17^ 

25 The screw-base 17 is comprised of the E26 type screw-base, and 

placed on the base body 16. 
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According to the first to tenth aspects of the invention, there are 
provided a lighting-source bulb provided with a discharge lamp 
light-tranemiaaive ceramic, a pair of electrodes and discharge agent, a 
metallic coil which is wound on the outside surface of at least one of the 
5 small- diameter cylinders of the light-transmiseive ceramic discharge 
enclosure and coupled to have the same potential as the other end of the 
coil, delight jacket-bulb for accommodating the lighting- source bulb and 
the metallic coil mentioned above hermetically, a pair of outer lead 
terminals which are coupled to the pair of electrodes of the 

10 lighting-source bulb and hermetically led outside the jacket-bulb. So 
that it ia provide the high-intensity discharge lamp which is effective for 
the compact lighting circuit with much lower starting voltaee, and for 
the expanding the glow-arc transition time- 
According to the second aspect of the invention, since there are 

15 provided a first metallic coil which is wound on the small-diameter 
cylinder wherein the first electrode is inserted through bo aa to have the 
same potential as the second electrode, and the second metallic coil 
which ie wound on the small " diameter cylinder through which the 
second electrode extends so as to have the same potential aa the first 

20 electrode, it is able to provide a high-intensity discharge lamp which is 
effective for the compact lighting circuit with much lower starting 
voltage, and for the expanding the glow-arc transition time. 

According to the third aspect of the invention, since the first 
metallic coil is electrically isolated from other elements, and the second 

25 metallic coil is coupled to be the same potential as the other electrode, it 
is able provide a high-intensity discharge lamp which is effective for the 
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compact lighting circuit by decreasing the starting voltage and for 
expanding the glow arc transition time. 

According to the fourth aspect of the invention, since the metallic 
coil has four turns or more, it is able to provide the high-intensity 
5 discharge lamp which is suitable for decreasing the starting voltage. 

According to the fifth aspect of the invention, since one end of the 
metallic coil is placed near the boundary of the enclosure of the 
light- transmisBive ceramic discharge enclosure, it is able to provide the 
high-intensity discharge lamp which is easy to place and fix the metallic 
10 coil. 

According to the sixth aspect of the invention, since the winding 
pitch of the metallic coil resides in the range of 100 % to 500 %, it is 
able to provide the high-intensity discharge lamp wherein the winding 
operation is easy and the starting voltage lowers effectively. 

15 According to the seventh aspect of the invention, since the value of 

L1/L2 will be 0.3 to 1.0 when the length of the metallic coil is denoted as 
Ll and the length of the small-diameter cylinders of the 
light-transmissive ceramic discharge enclosure is denoted as L2, it is 
able to provide the high-intensity discharge lamp providing the suitable 

20 length of the metallic coil. 

According to the eighth aspect of the invention, since one end of the 
metallic coil which placed on the opposite end of the enclosure of the 
lighftransmissive ceramic discharge enclosure is coupled to the other 
end of the electrode, it is able to provide the high-intensity discharge 

25 lamp wherein the distribution of the light is not disturbed and the 
metallic coil is easily coupled. 
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According to the ninth aspect of the invention, since the 
electrostatic capacitance across the pair of outer lead terminals are from 
1.2 to 4.0 pF> it is Able to provide the high-intensity discharge lamp 
wherein the starting voltage lowers and the glow- arc transition rime is 
5 able to be controlled. 

According to the tenth aspect of the invention, since the metallic 
coil is wound on the axis of the electrode in the place where at least one 
of the electrodes faces to the metallic coil, it is able to provide the 
high-intensity discharge lamp wherein the starting voltage lowers and 
10 the glow-arc transition time is able to be controlled. 

According to the eleventh aspect of the invention, it is able to 
provide the high-intensity discharge lamp lighting system performing 
the effects according to any one of the first to tenth aspects of the 
invention. 

15 According to the twelfth aspect of the invention, it is able to provide 

the lighting system performing the effects according to any one of the 
first to tenth aspects of the invention. 

As described above, the present invention can provide an 
extremely preferable highinteiisity discharge lamp, a system for 

20 lighting the lamp and a lighting appliance using the lamp. 

While there have been illustrated and described what are at 
present considered to be preferred embodiments of the present 
invention, it will be understood by those skilled in the art that 
various changes and modifications may be made, and equivalents 

25 may be substituted for elements thereof without departing from 
the true scope of the present invention. In addition, many 
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modifications may be made to adapt a particular situation or 
material to the teaching of the present invention without 
departing from the central scope thereof. Therefor, it is intended 
that the present invention not be limited to the particular 
5 embodiment disclosed as the best mode contemplated for carrying 
out the present invention, but that the present invention includes 
all embodiments falling within the scope of the appended claims. 

The foregoing description and the drawings are regarded by 
the applicant as including a variety of individually inventive 

10 concepts, some of which may lie partially or wholly outside the 
scope of some or all of the following claims. The fact that the 
applicant has chosen at the time of filing of the present application 
to restrict the claimed scope of protection in accordance with the 
following: claims is not to be taken as a disclaimer or alternative 

15 inventive concepts that are included in the contents of the 
application and could be defined by claims differing in scope from 
the following claims, which different claims may be adopted 
subsequently during prosecution, for example, for the purposes of a 
divisional application. 

20 
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